In accordance with these observations, the relaxation ward current which was due to the activation of the glibenclamide-sensitive 43 pS K+ channel (KGS-43 pS). The potency of (+)-cromakalim to activate KGS-43 pS was much openers to relax pig urethral smooth muscle can be accounted for by activation of gliben clamide-sensitive K+ channels.
In accordance with these observations, the relaxation ward current which was due to the activation of the glibenclamide-sensitive 43 pS K+ channel (KGS-43 pS). The potency of (+)-cromakalim to activate KGS-43 pS was much openers to relax pig urethral smooth muscle can be accounted for by activation of gliben Introduction of the mechanisms involved in relaxation of smooth muscle and has led to the development and synthesis of a number of cromakalim derivatives (reviewed by Evans et al ., 1992) . A wide
Correspondence to : Noriyoshi Teramoto, Department of Pharmacology, Faculty of Medicine , Kyushu University, Fukuoka, 812-8582 Japan. Phone : 092-642-6077, Fax : 092-642-6079 ; E-mail:noritera@linne.med.kyushu-u.ac.jp TERAMOTO et al. cromakalim) in smooth muscle cells (reviewed by Kuriyama et al., 1995) . It has become confined to the (-)-enantiomer (BRL 38227 or levcromakalim ; Hof et al., 1988 ; Edwards et al., 1991 ; Evans et al., 1992) . Thus, the purified (-)-cromakalim has been the major form utilized in recent investigations on the mechanisms involved in smooth muscle relaxation (Edwards et al., 1991 ; Brading, 1996, 1997) . However, it still remains to be elucidated whether or not there is any direct interaction between (+)-and (-)-cromakalim in their ability to relax smooth muscle or activate K+ channels. The potency of ATP-sensitive K+ channel openers (KATP openers) to relax intact smooth muscle preparations shows a wide variation depending on the types of smooth muscle, suggest ing that the different potency orders may be due to species or tissue differences (Edwards et al., 1991 ; Zhou et al., 1995) . In addition, all of these experiments were carried out in the presence openers to relax intact preparations.
We have recently reported the presence of a glibenclamide-sensitive 43 pS K+ channel (KGS-43 pS) in pig urethra which is activated not only by (-)-cromakalim but also by nicorandil (Teramoto and Brading, 1996 , 1997 , 1998 Teramoto et al., 1997a , b, 1999 . In the present experiments, since urethral strips develop resting tone, we have been able to establish the rank potency order of examples from several classes of KATP , compared to that of (-)-cromakalim (which demonstrated the most potent relaxing effects on the resting urethral tone), without using agonist to activate the tissue. For isometric tension recording, fine strips were prepared as described previously (Tera moto and Brading, 1996, 1997 ). An initial tension equivalent to 1 g weight was applied to each strip, which was then allowed to equilibrate for approximately 2.5-3 h until the basal urethral present throughout the experiments. Data were recorded on a Macintosh computer, through "MacLab 3 .5.6" (ADInstruments Pty Ltd, Australia).
The value of tension was expressed as g/ mg of tissue. An identical cell dispersion method was employed as described previously Brading, 1997, 1998 ; Teramoto et al., 1997a Teramoto et al., , b, 1999 . The experimental system used was 1998 ; Teramoto et al. 1997a Teramoto et al. , b, 1999 . The perforated patch technique with nystatin was performed as in our previous papers Brading, 1996, 1997 ; Teramoto et al., 1997b Teramoto et al., , 1999 .
Data analysis
The current data were low-pass filtered at 500 Hz by an 8 pole Bessel filter and analysed on a Macintosh computer using 'MacLab 3.5.6'. For single-channel recording, the stored data were low-pass filtered at 2 kHz (-3 dB) and sampled into the computer with an interval of 80 Conditional probability density function was fitted to the open lifetime distribution by the method of maximum likelihood (the Gaussian distribution).
However, events briefer than 200 values (number of channels x open state probability) were calculated for every 5 s segment of the channel recording. Data points were fitted using a least-squares fitting Brading, 1997, 1998 ; Teramoto et al . , 1997a Teramoto et al . , , b, 1999 Statistical analyses were performed with an analysis of variance (ANOVA) test (two-factor with replication). Changes were considered significant at p <0.01, and data are expressed as TERAMOTO et al.
Results
Reproducibility of the (-)-cromakalim-induced relaxing effects on the resting tone of pig proximal urethra
When a resting tension of 1 g was applied to a circular smooth muscle strip prepared from the pig proximal urethra, spontaneous tone gradually developed.
After it had reached a peak value, the tone usually decreased somewhat and eventually became stable even in the absence induced a similar relaxation, the peak amplitude of which was not significantly different from second relaxations were almost identical when superimposed (Fig. 1C) . Similar results were by (-)-cromakalim is strictly reproducible.
The effects of KATP openers on the resting urethral tone
Cumulative application of KATP openers produced a concentration-dependent relaxation of the resting urethral tone. In order to study further KATp opener-induced urethral relaxation, cromakalim, the most potent KATP opener in the present experiments, was utilized. Fig. 3Aa shows that application relaxation (see Fig 2B) . However, the time course of the relaxation induced by the two drugs was recognizably different, the (-)-cromakalim-induced relaxation (filled circle) reaching the time courses for each drug were almost identical (Fig. 3B, n = 6 ). These results suggest that the (+)-enantiomer may be inactive as either an agonist or antagonist to induce muscle relaxation.
The interaction between (-)-cromakalim and (+ )-cromakalim
To investigate further the interaction between enantiomers of cromakalim, we utilized the two purified enantiomers, (+)-cromakalim and (-)-cromakalim. Whereas application of 10 cromakalim, and the time course of the two relaxations was identical (Fig. 4Bb) . Exactly the same observations were made in five other strips.
We then studied the interaction of lower concentrations of the (-)-enantiomer with higher concentrations of the (+)-enantiomer. As shown in Fig. 4C , increased concentration of (+)-relaxations was not statistically different from the size of the relaxation in the presence of both drugs. Thus, it seems that the (+)-enantiomer is not acting as a competitive antagonist to the (-)-enantiomer, but has a weak agonistic action.
The interaction between (+)-and (-)-cromakalim on the glibenclarnide-sensitive currents small but significant outward membrane current was evoked at -50 mV (Fig. 5A) . Additional (+)-cromakalim repeatedly produced a small but significant increase in the amplitude of the membrane current (Fig. 5B) . Effects of the biologically-active (-)-enantiomer of cromakalim the biological activity (Hof et al., 1988 ; Evans et al., 1992) . In the present experiments, the time course and amplitude of urethral relaxation evoked by the racemic mixture could be exactly mimicked by half the concentration of (-)-cromakalim. We have also demonstrated competitively with (-)-cromakalim. On the other hand, application of higher concentrations strips. The effects of (+)-cromakalim on the urethral tone are thus at least 100 times less than that of (-)-cromakalim. This potency difference between the two has been reported in other smooth muscles (Hof et al., 1988 Edwards et al., 1991 . Although these reports suggest that the rudimentary activity of (+)-cromakalim may be due to contamination of (-)-cromakalim, Malmgren et al., 1989 ; Hedlund et al., 1991) . Our present results show that KATP openers are capable of producing a reduction in urethral smooth muscle tone at similar concentrations to those which evoke relaxation in the urinary bladder. These observations may support the idea that KATP opener-induced urethral relaxation would be an undesirable side effect for treatment of urge incontinence (Teramoto and Brading, 1996 ; Teramoto et al. 1997a, b) . Nevertheless , the ability to produce urethral relaxation may be of value in the treatment of bladder outflow obstruction, which, if untreated, can lead to irritative urinary tract symptoms , and bladder dysfunction (Turner-Warwick et al., 1973) .
